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When individuals’ actions are incongruent with those of the group they belong to, they
may change their initial behavior in order to conform to the group norm.This phenomenon
is known as “social conformity.” In the present study, we used event-related functional
magnetic resonance imaging (fMRI) to investigate brain activity in response to group
opinion during an ultimatum game. Results showed that participants changed their choices
when these choices conﬂictedwith the normative opinion of the group theyweremembers
of, especially in conditions of unfair treatment. The fMRI data revealed that a conﬂict
with group norms activated the brain regions involved in norm violations and behavioral
adjustment. Furthermore, in the reject-unfair condition, we observed that a conﬂict with
group norms activated themedial frontal gyrus.These ﬁndings contribute to recent research
examining neural mechanisms involved in detecting violations of social norms, and provide
information regarding the neural representation of conformity behavior in an economic
game.
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INTRODUCTION
We live in a highly complex social environment where social infor-
mation continuously affects perception and decision-making.
Previous studies have shown that individuals systematically change
their opinions and behaviors in order to align with group norms
(Cialdini and Goldstein, 2004). This phenomenon is known as
“social conformity,” and refers to the action of changing one’s
initial choices or opinions to match those of the group majority
(Turner, 1991).
Following the work of Asch (1951), psychologists have exten-
sively examined the causes and underlying mechanisms of social
conformity. There are three motivations related to conforming
behavior: a desire to be correct, a desire to obtain social approval
from others, and a desire to maintain a positive self-concept
(Cialdini and Goldstein, 2004). Recent studies have focused on
the neural basis of social conformity. Klucharev et al. (2009)
found that conﬂict with group opinions triggered a neuronal
response in the dorsal region of the posterior medial frontal
cortex and the ventral striatum – brain areas that are often
involved in reward processing and behavioral adjustments (Berns
et al., 2001; Holroyd and Coles, 2002). Signal changes in these
regions predicted subsequent adjustments of behavior in line
with that of the group (Klucharev et al., 2009). A follow-up
study indicated that transient down-regulation of the poste-
rior medial frontal cortex by theta-burst transcranial magnetic
stimulation (TMS) reduced conformity, suggesting that a fun-
damental performance-monitoring neural mechanism underlies
social inﬂuence (Klucharev et al., 2011). Two fMRI studies also
revealed that social information could change participants’ ini-
tial judgments and affect neural activity within relatively low-level
processing areas associatedwith each task (Berns et al., 2005,2010).
Another study found that social inﬂuence was accompanied by
modulated engagement of two brain regions linked to the cod-
ing of subjective value – the nucleus accumbens and orbitofrontal
cortex; this result demonstrated that exposure to group opinions
could affect individual neural representations of the subjective
value assigned to stimuli (Zaki et al., 2011). Additionally, during
a music choice task, activity in the ventral striatum – involved
in object evaluation – suggested that social inﬂuence mediates
the basic value signals in known reinforcement learning circuitry
(Campbell-Meiklejohn et al., 2010).
By combining game theory models with psychological and
neuroscientiﬁc methods, researchers have begun to investigate
the psychological and neural correlates of social decision-making.
This neuroeconomic approach can extend our knowledge of the
brain mechanisms involved in social decisions (Sanfey, 2007).
Decision researchers have focused on the fundamental impact of
social factors on human behavior. Many of our decisions depend
on the concomitant choices of others (Sanfey, 2007). According
to the social inﬂuence hypothesis, humans are inﬂuenced in their
beliefs and behaviors by the preferences and behaviors of oth-
ers (for a review, see Haun and van Leeuwen, 2012; Morgan and
Laland, 2012). Therefore, the present study assessed whether the
choices of individuals during a monetary game could be mod-
ulated by peers’ opinions. We were also interested in the neural
mechanisms underlying this phenomenon.
The ultimatum game (UG) is often used to examine responses
to fairness (Güth et al., 1982). In the original UG, one player (the
proposer) allocates money to himself/herself and to another player
(the responder). The responder can either accept or reject the offer.
If the responder accepts, bothplayerswin their respective amounts,
but if the responder rejects, both players receive nothing. Results
have shown that people reject a high proportion of unfair offers,
whichwould not be adaptive froma rational perspective (Camerer,
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2003). In the present study, we developed a variant of the UG in
which participants were asked to decide whether to accept or reject
an offer provided by a proposer. After the subject made his/her
initial choice, he/she was informed of the choices from four other
peers, which could be incongruent, moderately incongruent, or
congruent with his/her choice. Then, the participant was given a
second opportunity to decide whether to accept or reject the same
offer.
We predicted that participants would change their choices
once they found out that their decisions did not match those of
the majority of the group. To examine the neural mechanisms
related to social conformity during monetary allocation decision-
making, we employed functional magnetic resonance imaging
(fMRI). With the assumption that social inﬂuence affects our
behavior through the mechanisms involved in behavioral adjust-
ments (Klucharev et al., 2011), we hypothesized that a conﬂict with
the group opinion would enhance activity in regions involved in
norm violations and behavioral adjustment. These regions play a
key role in conforming behavior. Further, we predicted that the
initial choice type and offer type might affect brain responses to
external information.
MATERIALS AND METHODS
PARTICIPANTS AND DESIGN
Thirty healthy right-handed participants (mean age = 21.6,
female = 15) participated the experiment. These participants
were recruited fromSouthwestUniversity through advertisements.
All were native Mandarin speakers, with no neurological illness
as conﬁrmed by psychiatric clinical assessment or psychological
disorders, and with (corrected to) normal color vision. Written
informed consent was obtained after detailed explanation of the
experiment. The study was approved by the Ethics Committee of
Southwest University.
Data from one participant was excluded from the study due to
headmovements exceeded 2.5mm. This resulted in 29participants
for ﬁnal analyses (14 males). The experiment used a two-factor
within-participant design with two types of offer (fair offer
and unfair offer) and four levels of group choice (incongruent,
moderately incongruent, congruent, and no information).
STIMULUS MATERIALS
Previous behavioral research indicated that the average proposer
offers 40% of the amount to the responder, and 16% of the offers
are rejected (Oosterbeek et al., 2003). Low offers, around 20% of
the total sum, have about a 50% chance of being rejected (Güth
et al., 1982; Bolton and Zwic, 1995; Nowak et al., 2000). There
were 140 offers (70 fair offers and 70 unfair offers) in the present
study. All fair offers split the money according to ratios ranging
from 50:50 to 60:40, while unfair offers offered 10–20% of the
total sum to the responder. The offer stimuli consisted of the sum
of money and the distribution plan. The former was presented
in the upper portion of the picture and the latter in the lower
part of the picture. The number under “you” was assigned to the
subject and the number under “proposer” was assigned to the
proposer.
Participants’ peer choices were presented in the form of a
table. Each was placed in the corresponding box. The number
“1” indicated a choice to accept the offer, and the number “2” indi-
cated a choice to reject it. There were four conditions of social
inﬂuence: incongruent (the participant’s initial choice differed
from the choices of three or four peers); moderately incon-
gruent (the participant’s initial choice was inconsistent with the
choices of two group members); congruent (the participant’s ini-
tial choice was consistent with the choices of three or four group
members); and no information (the four numbers were replaced
with “×”).
EXPERIMENTAL PROCEDURES
When each participant arrived at the laboratory, she/he and four
players were told that they would perform the experiment in sep-
arate rooms. In the experiment, they would play a monetary game
independently against a human proposer, who would be in the
MRI waiting room. They would see the choices of others through
a local network on computers in the experiment. They were then
asked to ﬁll out a questionnaire together in the MRI waiting room.
After that, the four players left theMRIwaiting roomaccompanied
by an assistant.
Participants then received instructions about the procedure of
the experiment. At the beginning of each trial, the participants
were presented with a ﬁxation point for a duration of 1–1.5 s.
The offer proposed for all responders would be shown on the
screen for 3 s, followed by another, identical, ﬁxation point. Par-
ticipant used the index and middle ﬁngers of their right hand to
respond to the offer by pressing one of the two buttons on a MRI-
compatible button box (“1” to accept and “2” to reject the offer).
The choices of others alongwith the participants’ then replaced the
ﬁxation point for 2 s, after which another variable interval lasting
1–1.5 s was presented. Finally, the same offer was presented for
3 s again, and the participant was asked to decide on it (to accept
or to reject) again. The offer was followed by the word “next”
being displayed for 500 ms, which indicated that the next trial was
about to begin. The sequence of events in a trial is illustrated in
Figure 1.
FIGURE 1 | Demonstration of sequence of events in a trial (take fair
offer and incongruent information condition as an illustration).
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The experiment contained two blocks (70 trials each; 140 tri-
als in total). On average, a trial lasted 13 s. In 20 of the trials,
the participant’s initial choice was ﬁxed to be inconsistent with
the choices of two peers – in other words, consistent with the
choices of two peers. These trials were not included in the ﬁnal
analysis because they were used solely to maintain believability
of the interaction between participant and the four peers. In one
third of the remaining trials (40 trials), the group’s choices were
hidden from the subject (the no information, or baseline condi-
tion). For the 40 trials of the incongruent condition, three or four
group members’ choices differed from the choice of the partici-
pants. For the 40 trials of the congruent condition, one or none of
the group members’ responses was inconsistent with that of par-
ticipants. Before performing the task in the scanner, participants
completed a training session that used four different offers; dur-
ing this task, the choices of the other group members remained
hidden.
A PC running E-Prime 2.0 was used to display the stimuli and
acquire the responses of the participants, as well as the reaction
time (RT). Subjects viewed the experiment task by a mirror placed
on the top of the image acquisition coil which could reﬂect the
screen mounted at the back of the scanner.
IMAGE ACQUISITION
Functional MRI data were acquired using a 3T Siemens Trio
scanner. Each scan contains 435 functional volumes, using an
echo-planar imaging (EPI) sequence with the following param-
eters: TR/TE = 2000/30 ms, ﬂip angle = 90◦, acquisition
matrix = 64 × 64, FOV = 192 mm × 192 mm, axial slices = 32,
thickness/gap = 3 mm/1 mm, voxel size = 3 mm × 3 mm × 3 mm.
The ﬁrst three images were discarded for the saturation effect.
DATA ANALYSIS
Image preprocessing was performed with statistical parametric
mapping 8 (SPM8; Welcome Department of Imaging Neuro-
science, University of London, UK). Functional images were ﬁrst
corrected for motion artifacts. Then images were interpolated to
correct for slice timing, and spatially normalized into the Montreal
Neurological Institute (MNI)-space using the SPM8 EPI template,
and resampled into 3 mm × 3 mm × 3 mm voxels. Images were
smoothed using an 8mm3 full-width-at-half-maximum(FWHM)
Gaussian kernel.
Statistical analysis was performed in a general linear model in
SPM8. The regressors were included based on offers (fair offers
and unfair offers), external information (incongruent, congruent,
and no information), and a combination of these factors. These
regressors were then convolved with the standard hemodynamic
response function. In addition, the realignment parameters were
included to regress out potential movement artifacts.
For a whole-brain analysis, the results from random effects
analyses were all initially thresholded at p < 0.001 (uncor-
rected) and further corrected using AlphaSim provided by REST
(Song et al., 2011). For all AlphaSim corrections, cluster radius
connection: rmm = 5, and 3d FWHM were estimated with
their corresponding Residual images. 1000 iterations were per-
formed using Monte Carlo method. Contrasts were generated
from the design matrix at the individual level, which were then
entered into a second-level group analyses. The effect of unfair-
ness was estimated by a 2 (choice: accept, reject) × 2 (offer
type: fair, unfair) ANOVA, the brain areas involved in the pre-
sentation of external information were generated by contrasting
the incongruent effect (incongruent condition > no information;
incongruent condition > congruent condition) and the congruent
effect (congruent condition > no information; congruent condi-
tion > incongruent condition). For more details insights into
which brain regions play a critical role in conforming behav-
ior, we contrasted brain responses to incongruent group opinion
followedby conformitywith responses to incongruent groupopin-
ion followed by non-conformity. For explore whether the initial
choice type and offer type can affect the brain responses to exter-
nal information, we analyzed the interaction among the initial
choice type (within group factor: accept versus reject), the offer
type (within group factor: fair versus unfair), and the social
inﬂuence (within group factor: incongruent versus congruent).
Regions are projected onto a surface template (Caret software,
Van Essen, 2005).
RESULTS
BEHAVIORAL RESULTS
Trials in which the subjects did not respond within decision time
window in the ﬁrst and/or second decision stage were excluded
from further data analyses. There are 4.2% of total trials were
rejected to enter the following data analyses.
Unfairness effect
A 2 (choice: accept, reject) × 2 (offer type: fair, unfair)
ANOVA was used to analysis the RTs in the initial presenta-
tion of offers. The interaction between choice and offer type
was signiﬁcant, F(1,28) = 5.26, p < 0.05. The result indicated
that responses were faster when subjects rejected the fair offers
(M = 832.83, SD = 132.24) than when they rejected the unfair
ones (M = 1158.84, SD = 88.86), F(1,28) = 4.545, p < 0.05.
Regarding the participants’choices,we found that subjects rejected
the unfair offers (64%) at a signiﬁcantly higher rate than the fair
offers (16%), t(28) = −5.235, p < 0.001.
Social inﬂuence effect
Conformity effect was measured by the rate of change of par-
ticipants. A 2 (initial choice: accept, reject) × 2 (offer type:
fair, unfair) × 2 (external information: incongruent, congruent)
ANOVA revealed a signiﬁcant main effect of the factor external
information, F(1,28) = 4.479, p < 0.05. Subjects changed their
initial choices at a signiﬁcantly higher rate in incongruent condi-
tion (M = 0.2, SD = 0.04) than in congruent condition (M = 0.11,
SD = 0.03). The interaction among initial choice, offer type and
external information was not signiﬁcant. To test whether partic-
ipants changed their initial choices after they rejected the unfair
offers, we conducted a contrast between unfair-reject-incongruent
and unfair-reject-congruent condition. The result showed that
participants changed their initial choices at a signiﬁcantly higher
rate in incongruent condition (M = 0.15, SD = 0.3) than in con-
gruent condition (M = 0.02, SD = 0.05), when they rejected
the unfair offers in the ﬁrst decision phase, t(28) = −2.39,
p < 0.05.
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fMRI RESULTS
Unfairness effect
To identify brain regions involved in the perception of unfair treat-
ment in the ﬁrst presentation of offers, we conducted a 2 (initial
choice: accept, reject) × 2 (offer type: fair, unfair) ANOVA. The
interaction was signiﬁcant in several brain regions, including the
bilateral insula, medial prefrontal cortex (mPFC), anterior cingu-
late cortex, precuneus, and bilateral inferior parietal lobule (IPL).
Post hoc contrast indicated that these brain regions were activated
when participants rejected the fair offers and accepted the unfair
offers (see Table 1 and Figure 2).
Social inﬂuence effect
As expected, the difference between incongruent condition and
baseline condition (no information) induced activation in bilat-
eral insula,middle temporal gyrus (MTG), bilateral middle frontal
gyrus (MFG), bilateral IPL, mPFC, and precuneus. Comparison
of activity in congruent condition with baseline condition showed
signiﬁcantly greater activation in bilateral superior parietal lobule
(SPL) and superior frontal gyrus (SFG) when participants viewed
congruent peers’ choice. And we also compared neural activity in
the incongruent condition and congruent condition. Incongru-
ent condition activated the (mPFC, see Table 2 and Figure 3 for
details). Then, we compared the incongruent trials which sub-
jects changed their initial choices with the trials which subjects
didn’t change their initial choices. The result showed that the neu-
ral activity in the insula, bilateral MFG, medial prefrontal cortex
(mPFC), bilateral IPL, and midbrain elicited by the social conﬂict
following conformity were stronger than the activity elicited by the
social conﬂict following non-conformity (see Table 3 and Figure 4
for details).
Finally, we studied a 2 (initial choice: accept, reject) × 2 (offer
type: fair, unfair) × 2 (social inﬂuence: incongruent, congruent)
ANOVA. Only the effect of social inﬂuence × offer type interaction
was signiﬁcant in the medial frontal gyrus when subjects viewing
others’ choices after they rejected the offers in the ﬁrst decision.
Post hoc contrast revealed that the neural activity in the medial
frontal gyrus was higher for unfair-reject-incongruent condition
Table 1 | Significant activation clusters for the interaction between
choice and offer type.
Brain region HEM x y z No. of voxels F -value
Insula R 33 15 −9 44 43.29
Insula L −48 9 12 47 32.95
mPFC R 6 27 57 174 38.33
IPL L −54 −48 45 100 26.71
IPL R 54 −54 −54 169 28.49
ACC R 6 48 −12 34 23.03
Precuneus R 9 −33 60 16 25.8
p < 0.005 (AlphaSim correction, cluster size > 242 voxels, FWHMx = 18.361,
FWHMy = 16.701, FWHMz = 17.705). HEM, hemisphere; mPFC, medial
prefrontal cortex; ACC, anterior cingulate cortex; IPL, inferior parietal lobule.
FIGURE 2 | Brain regions involved in the initial choice type and offer
type interaction.
Table 2 | Significant activation clusters for social influence.
Brain region HEM x y z No. of voxels t -value
Incongruent > baseline
Insula R 30 18 −18 25 4.77
Insula L −30 18 −18 22 4.73
MTG L −63 −36 −9 49 4.19
MFG R 48 21 42 130 5.31
MFG L −33 6 51 203 4.64
IPL R 36 −54 39 176 6.26
IPL L −33 −51 48 140 5.91
Precuneus R 3 −60 39 54 4.42
mPFC L −9 30 51 420 7.81
Congruent > baseline
SPL L −30 −66 57 48 4.5
SPL R 36 −54 39 60 4.82
SFG L −3 42 42 34 4.89
Incongruent > congruent
mPFC L −6 21 57 98 6.17
Congruent > incongruent
No cluster
p < 0.05 (AlphaSim correction, cluster size > 37 voxels, FWHMx = 11.918,
FWHMy = 11.131, FWHMz = 12.28). HEM, hemisphere; MTG, middle tempo-
ral gyrus; MFG, middle frontal gyrus; IPL, inferior parietal lobule; mPFC, medial
prefrontal cortex; SPL, superior parietal lobule; SFG, superior frontal gyrus.
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FIGURE 3 | Brain regions involved in social influence. (A) incongruent > baseline; (B) congruent > baseline; (C) incongruent > congruent.
Table 3 | Significant activation clusters for conformity effect.
Brain region HEM x y z No. of voxels t -value
Changed > unchanged
Insula R 54 21 −6 45 5.89
MFG R 30 57 15 25 4.27
MFG R 42 33 42 42 5.66
MFG L −42 24 48 150 5.06
IPL L −48 −60 57 57 6.58
IPL R 48 −48 42 300 6.03
Midbrain L −12 −9 0 14 4.8
mPFC R 6 30 42 320 7.12
p < 0.05 (AlphaSim correction, cluster size > 79 voxels, FWHMx = 15.533,
FWHMy = 13.278, FWHMz = 13.553). HEM, hemisphere; MFG, middle frontal
gyrus; IPL, inferior parietal lobule; mPFC, medial prefrontal cortex.
than for fair-reject-incongruent condition, p< 0.001. (see Table 4
and Figure 5 for details).
DISCUSSION
The present study suggests that individuals are likely to be inﬂu-
enced by others’ opinions and conform to the behavior of their
peers. Our results showed that participants changed their initial
choices in a monetary game when those choices differed from
the majority choice of the group to which they belonged. We
found that participants rejected a greater number of unfair offers.
The rate of change was higher when participants initially rejected
the unfair offer in the incongruent condition than in the con-
gruent condition. These results help to explain previous ﬁndings
showing that group decisions were very different from individual
decisions: groups were more willing to accept unfair offers than
were individuals during the UG (Bornstein and Yaniv, 1998). In
the present study, individuals changed their decisions in response
to unfair treatment due to peer pressure and a preference for
conformity.
As previous research suggests, the neural mechanisms under-
lying social conformity are similar to the fundamental neural
FIGURE 4 | Brain regions involved in conformity effect.
Table 4 | Significant activation clusters for the three-way ANOVA.
Brain region HEM x y z No. of voxels F -value
MFG L −3 −36 63 12 22.36
p < 0.05 (AlphaSim correction, cluster size > 101 voxels, FWHMx = 17.599,
FWHMy = 15.44, FWHMz = 15.622). HEM, hemisphere; MFG, medial frontal
gyrus.
mechanisms involved in behavioral adjustments (Klucharev et al.,
2009,2011). Our functional imagingdata suggest that being incon-
gruent with group opinion activates the bilateral insula, MTG,
bilateral MFG, bilateral IPL, mPFC, and precuneus. These brain
regions have been previously linked to persuasion-induced behav-
ior change (Falk et al., 2010). In addition, incongruent trials
induced more activation than did congruent trials in the mPFC.
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FIGURE 5 | Brain regions involved in the interaction of offer type and
social influence when subjects viewing others’ choices after they
rejected the offer in the first decision phase.
This brain region have been associated with error-based learning
andprediction error that leads to attitudinal andbehavioral adjust-
ments (Botvinick et al., 2001; Ridderinkhof et al., 2004; Preuschoff
et al., 2008; Singer et al., 2009; Alexander and Brown, 2010;
Cavanagh et al., 2010; Izuma et al., 2010; Ullsperger et al., 2010).
Prediction error is deﬁned as the difference between an expected
and obtained outcome within reinforcement learning models
(Schultz, 2006). Concerning social conformity, prediction error
could be explained as a difference between individuals’ initial opin-
ion and thebelief of the group (Klucharev et al., 2009). In analyzing
the conformity effect, we also found greater BOLD responses in
the insula, bilateral MFG, and mPFC. Notably, the MFG, and
mPFC also play a critical role in perceiving norm violations in the
processing of social norms (Berthoz et al., 2002). As norm viola-
tion studies have suggested, the human brain may have developed
speciﬁc mechanisms for detecting ongoing deviations from social
norms (Montague and Lohrenz, 2007). Beer et al. (2003) found
that patients with mPFC lesions were indifferent to social norms.
Mason et al. (2009) reported that the mPFC was closely associ-
ated with normative social inﬂuence. The present fMRI results
demonstrate that group opinions incongruent with a partici-
pant’s initial choice could trigger a neural process similar to norm
violations, indicating deviations from group norms. Indeed, par-
ticipants changed their performance and conformed to the group
normative opinion when the deviation-related signal was active
enough.
Finally, we found that the medial frontal gyrus was activated
when people viewed the incongruent group opinion following
an unfair offer which they rejected in the ﬁrst decision phase.
Previous neuroimaging studies have demonstrated that the MFG
is involved in behavior change (Falk et al., 2010) and mentaliz-
ing functions, such as thinking about other people’s intentions,
desires, and beliefs (Vogeley et al., 2004; Amodio and Frith,
2006). Previous literature has also reported that the capacity to
understand other people’s behavioral intentions is crucial to reg-
ulating one’s social behavior to be according to group norms
(Stallen et al., 2013). Considering the social implications of an
unfair offer, one possible explanation is that individuals’ group
identiﬁcation increased when they believed that they have been
treated unfairly (Branscombe et al., 1999, 2002). This strong
group identiﬁcation motivated individuals to take the viewpoints
of the other group members, change their initial choices, and
conform to group norms. The other possible explanation is
that the incongruent-fair condition contains two social norms
that conﬂict with each other (accept the fair offer versus con-
form to group opinions). This would make the conformity
effect in the incongruent-fair condition easier to resist. Partic-
ipants were more likely to conform to others’ behavior in the
incongruent-unfair condition, because the incongruent-unfair
condition presents the “conform to group opinion” norm more
directly. Such reasoning is also consistentwith the behavioral result
that participants changed their initial choices when their initial
choices were incongruent with the group opinion in unfair offer
scenarios.
The present study complements previous research in assess-
ing the neural basis of conformity and extends our understanding
of economic decisions. Our behavioral results suggest that peo-
ple change their choices due to a conﬂict with normative group
opinions, especially when they were treated unfairly. In addi-
tion, our ﬁndings suggest that participants are more likely to
conform to others’ behavior when they reject the unfair offer
in the incongruent condition. The fMRI data indicate that the
brain regions involved in norm violations and behavioral adjust-
ment are activated when individuals encounter a divergent group
opinion during a monetary game. The mechanisms underlying
social conformity may be similar to those implicated in behavioral
adjustments.
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